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In the minimal supersymmetric standard model (MSSM), the µ−parameter and the
trilinear coupling At may be generically complex and can affect various observables
at B factories. Working in the effective SUSY models and imposing the edm
constraints from Chang-Keung-Pilaftsis (CKP) mechanism, we find that (i) there
is no new large phase shift in the B0 − B0 mixing from the At and µ phases,
(ii) CP violating dilepton asymmetry is smaller than 0.1%, (iii) the direct CP
violation in B → Xsγ can be as large as ∼ ±16%, (iv) the Br(B → Xsl+l−) can be
enhanced by upto ∼ 85% compared to the standard model (SM) prediction, and its
correlation with Br(B → Xsγ) is distinctly different from the minimal supergravity
scenario. Also, we find 1 ≤ ǫK/ǫ
SM
K
≤ 1.4, and ǫK cannot be saturated by the At
and µ phases alone : namely, |ǫSUSY
K
| ≤ O(10−5) if the phases of µ and At are the
sole origin of CP violation.
1 Introduction
1.1 Motivations
In the minimal supersymmetric standard model (MSSM), there can be many
new CP violating (CPV) phases beyond the KM phase in the standard model
(SM). These SUSY CPV phases are constrained by electron/neutron electric
dipole moment (EDM) and have been considered very small (δ ≤ 10−2 for
MSUSY ∼ O(100) GeV ). 1 However there is a logical possibility that vari-
ous contributions to electron/neutron EDM cancel with each other in sub-
stantial part of the MSSM parameter space even if SUSY CPV phases are
∼ O(1). 2, 3 Or one can consider effective SUSY models where decouplings of
the 1st/2nd generation sfermions are invoked to evade the EDM constraints
and also SUSY FCNC/CP problems. 4 In such cases, these new SUSY phases
may affect B and K physics in various manners. Closely related with this is
the electroweak baryogenesis (EWBGEN) scenario in the MSSM. One of the
fundamental problems in particle physics is to understand the baryon number
asymmetry, nB/s = 4 × 10−12, and currently popular scenario is EWBGEN
in the MSSM. 5 The EWBGEN is in fact possible in a certain region of the
MSSM parameter space, especially for light stop (120 GeV ≤ mt˜1 ≤ 175 GeV,
dominantly t˜1 ≃ t˜R) with CP violating phases in µ and At parameters. Then
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one would expect this light stop and new CP violating phases may lead to
observable consequences to B physics.
In this talk, we report our two recent works related with this subject. 6,7 We
considered a possibility of observing effects of these new flavor conserving and
CPV phases (φµ and φAt) at B factories in the MSSM (including EWBGEN
scenario therein). More specifically, we consider the following observables :
SUSY contributions to the B0−B0 mixing, the dilepton CP asymmetry in the
B0B0 decays, the direct CP asymmetry in B → Xsγ, the branching ratio for
B → Xsl+l− and its correlation with the branching ratio for B → Xsγ. The
B0−B0 mixing is important for determination of three angles of the unitarity
triangle. Also, last two observables are vanishingly small in the standard model
(SM), and any appreciable amounts of these asymmetries would herald the
existence of new CP violating phases beyond the KM phase in the SM. The
questions addressed in our papers were how much these observables can be
deviated from their SM values when µ and At parameters in the MSSM have
new CPV phases.
1.2 Model
In order to study B physics in the MSSM, we make the following assumptions.
8 First of all, the 1st and the 2nd family squarks are assumed to be degenerate
and very heavy in order to solve the SUSY FCNC/CP problems. 4 Only the
third family squarks can be light enough to affect B → Xsγ and B0 − B0
mixing. We also ignore possible flavor changing squark mass matrix elements
that could generate gluino-mediated flavor changing neutral current (FCNC)
process in addition to those effects we consider below. Recently, such effects
were studied in the B0 − B0 mixing, 9, 10 the branching ratio of B → Xsγ
9 and CP violations therein, 11 12 and B → Xsl+l−, 12 respectively. Ignoring
such contributions, the only source of the FCNC in our model is the CKM
matrix, whereas there are new CPV phases coming from the phases of µ and
At parameters in the flavor preserving sector in addition to the KM phase δKM
in the flavor changing sector. In this sense, this paper is complementary to the
ealier works. 9,10, 11,12
1.3 Chang-Keung-Pilaftsis (CKP) EDM Constraints
Even if the 1st/2nd generation squarks are very heavy and degenerate, there is
another important edm constraints considered by Chang, Keung and Pilaftsis
(CKP) for large tanβ. 13 This constraint comes from the two loop diagrams
involving stop/sbottom loops, and is independent of the masses of the 1st/2nd
2
generation squarks.
(
df
e
)CKP = Qf
3αem
64π2
Rfmf
M2A
∑
q=t,b
ξqQ
2
qF
(
M2q˜1
M2A
,
M2q˜2
M2A
)
(1)
where Rf = cotβ (tanβ) for I3f = 1/2 (−1/2), and
ξt =
sin 2θt˜mtIm(µe
iδt)
sin2 β v2
, ξb =
sin 2θb˜mbIm(Abe
−iδb)
sinβ cosβ v2
, (2)
with δq = Arg(Aq +Rqµ
∗), and F (x, y) is a two-loop function given in Ref. 13.
Therefore, this CKP edm constraints can not be simply evaded by making the
1st/2nd generation squarks very heavy, and it turns out that this puts a very
strong constraint on the possible new phase shift in the B0 −B0 mixing.
1.4 Parameter Space
In the MSSM, the chargino mass matrix is given by
Mχ± =
(
M2
√
2mW sinβ√
2mW cosβ µ
)
. (3)
In principle, both M2 and µ may be complex, but one can perform a phase
redefinition in order to render the M2 is real.
3 In such a basis, there appears
one new phase Arg(µ) as a new source of CPV. The stop mass matrix is given
by
M2t˜ =
(
m2Q +m
2
t +DL mt(A
∗
t − µ/ tanβ)
mt(At − µ∗/ tanβ) m2U +m2t +DR
)
, (4)
where DL = (
1
2 − 23 sin2 θW ) cos 2β m2Z and DR = 23 sin2 θW cos 2β m2Z . There
are two new phases in this matrix, Arg(µ) and Arg(At) in the basis where M2
is real.
We scan over the MSSM parameter space as indicated below (including
that relevant to the EWBGEN scenario in the MSSM) : 80 GeV < |µ| <
1 TeV, 80 GeV < M2 < 1 TeV, 60 GeV < MA < 1 TeV, 2 < tanβ <
70, (130 GeV)2 < M2Q < (1 TeV)
2, − (80 GeV)2 < M2U < (500 GeV)2, 0 <
φµ, φAt < 2π, 0 < |At| < 1.5 TeV. We have imposed the following ex-
perimental constraints : Mt˜1 > 80 GeV independent of the mixing angle
θt˜, Mχ˜± > 83 GeV, Br(B → Xsg) < 6.8%, 14 and 0.77 ≤ Rγ ≤ 1.15, 15
where Rγ is defined as Rγ = BR(B → Xsγ)expt/BR(B → Xsγ)SM and
BR(B → Xsγ)SM = (3.29 ± 0.44)× 10−4. It has to be emphasized that this
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parameter space is larger than that in the constrained MSSM (CMSSM) where
the universality of soft terms at the GUT scale is assumed. Especially, we will
allowm2U to be negative as well as positive, which is preferred in the EWBGEN
scenario. 5 Since we do not impose any further requirement on the soft terms
(such as radiative electroweak symmetry breaking, absence of color charge
breaking minima, etc.), our results of the maximal deviations of B0−B0 mix-
ing and Ab→sγCP from the SM predictions are conservative upper bounds within
the MSSM. If more theoretical conditions are imposed, the maximal deviations
will be smaller. In the numerical analysis, we used the following numbers for
the input parameters : mc(mc(pole)) = 1.25 GeV, mb(mb(pole)) = 4.3 GeV,
mt(mt(pole)) = 165 GeV (these are running masses in the MS scheme), and
|Vcb| = 0.0410, |Vtb| = 1, |Vts| = 0.0400 and δKM = γ(φ3) = 90◦ for the CKM
matrix elements.
2 B0 −B0 Mixing
2.1 Phase Shift in the B0 −B0 Mixing
The B0−B0 mixing is generated by the box diagrams with ui−W±(H±) and
u˜i − χ± running around the loops in addition to the SM contribution. The
resulting effective Hamiltonian is given by
H∆B=2eff = −
G2FM
2
W
(2π)2
3∑
i=1
CiOi, (5)
where O1 = d
α
Lγµb
α
L d
β
Lγ
µbβL, O2 = d
α
Lb
α
Rd
β
Lb
β
R, and O3 = d
α
Lb
β
Rd
β
Lb
α
R. The
Wilson coefficients Ci’s at the electroweak scale (µ0 ∼ MW ∼ Mt˜) can be
written schematically as 16
C1(µ0) = (V
∗
tdVtb)
2 [FWV (3; 3) + FHV (3; 3) +ACV ]
C2(µ0) = (V
∗
tdVtb)
2
FHS (3; 3)
C3(µ0) = (V
∗
tdVtb)
2
ACS , (6)
where the superscriptsW,H,C denote theW±, H± and chargino contributions
respectively, and
ACV =
1,2∑
i,j,k,l
1
4
Gi(3,k)G
j∗
(3,k)G
i∗
(3,l)G
j
(3,l)Y1(rk, rl, si, sj),
ACS =
1,2∑
i,j,k,l
Hi(3,k)G
j∗
(3,k)G
i∗
(3,l)H
j
(3,l)Y2(rk, rl, si, sj),
4
Here Gi(3,k) and H
i
(3,k) are the couplings of k−th stop and i−th chargino with
left-handed and right-handed quarks, respectively :
Gi(3,k) =
√
2C∗R1iStk1 −
C∗R2iStk2
sinβ
mt
MW
,
Hi(3,k) =
C∗L2iStk1
cosβ
mb
MW
, (7)
and CL,R and St are unitary matrices that diagonalize the chargino and stop
mass matrices : C†RM
−
χ CL = diag(Mχ˜1 ,Mχ˜2) and StM
2
t˜
S†t = diag(M
2
t˜1
,M2
t˜2
).
Explicit forms for functions Y1,2 and F ’s can be found in Ref.
16, and
rk = M
2
t˜k
/M2W and si = M ˜χ±
i
/M2W . It should be noted that C2(µ0) was
misidentified as CH3 (µ0) in Ref.
17. The gluino and neutralino contributions
are negligible in our model. The Wilson coefficients at the mb scale are ob-
tained by renomalization group running. The relevant formulae with NLO
QCD corrections at µ = 2 GeV are given in Ref. 18.
In our model, C1(µ0) and C2(µ0) are real relative to the SM contribution.
On the other hand, the chargino exchange contributions to C3(µ0) (namely
ACS )are generically complex relative to the SM contributions, and can generate
a new phase shift in the B0−B0 mixing relative to the SM value. This effect can
be in fact significant for large tanβ(≃ 1/ cosβ), since C3(µ0) is proportional to
(mb/MW cosβ)
2. 17 However, the CKP edm constraint puts a strong constraint
for large tanβ case, which was not properly included in Ref. 17. In Fig. 1 (a),
we plot 2θd ≡ Arg (MFULL12 /MSM12 ) as a function of tanβ. The open squares
(the crosses) denote those which (don’t) satisfy the CKP edm constraints. It
is clear that the CKP edm constraint on 2θd is in fact very important for
large tanβ, and we have |2θd| ≤ 1◦. If we ignored the CKP edm constraint
at all, then |2θd| could be as large as ∼ 4◦. This observation is important for
the CKM phenomenology, since time-dependent CP asymmetries in neutral B
decays into J/ψKS , ππ etc. would still measure directly three angles of the
unitarity triangle even in the presence of new CP violating phases, φAt and
φµ. Our result is at variance with that obtained in Ref.
17 where CKP edm
constraint was not properly included.
2.2 Dilepton Asymmetry
If we parametrize the relative ratio of MSM and MSUSY as MSUSY/MSM =
he−iθ, the dilepton asymmetry is given by
All =
(
∆Γ
∆M
)
SM
f(h, θ) ≡ 4 Re(ǫB), (8)
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Figure 1: Correlations between (a) tan β vs. 2 |θd|, and (b) Br(B → Xsγ) vs. A
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The squares (the crosses) denote those which (do not) satisfy the CKP edm constraints.
where f(h, θ) = h sin θ/(1+2h cos θ+h2) and (∆Γ/∆M)SM = (1.3±0.2)×10−2.
We have neglected the small SM contribution. It is about ∼ 10−3 in the quark
level calculation, 19 but may be as large as ∼ 1% if the delicate cancellation
between the u and c quark contribution is not achieved. 20 The result of
scanning over the available MSSM parameter space is that |f(h, θ)| ≤ 0.1 so
that |All| ≤ 0.1%, which is well below the current data, All = (0.8±2.8±1.2)%.
21 On the other hand, if any appreciable amount of the dilepton asymmetry
is observed, it would indicate some new CPV phases in the off-diagonal down-
squark mass matrix elements, 10 assuming the MSSM is realized in nature.
2.3 ∆MB
On the contrary to the θd and All discussed in the previous paragraphs, the
magnitude of M12 is related with the mass difference of the mass eigenstates
of the neutral B mesons : ∆mB = 2|M12| = (3.05 ± 0.12)× 10−13 GeV, and
thus it will affect the determination of Vtd from the B
0−B0 mixing. We have
considered |MFULL12 /MSM12 | and its correlation with Br(B → Xsγ) are shown
in Fig. 1 (b). The deviation from the SM can be as large as ∼ 60%, and
the correlation behaves differently from the minimal supergravity case. 22 We
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repeated the same analyses for B0s − B0s mixing. There is no large new phase
shift (2|θs|) in this case either, but the modulus of M12(Bs) can be enhanced
by upto 60% compared to the SM value.
3 Direct Asymmetry in B → Xsγ
The radiative decay of B mesons, B → Xsγ, is described by the effective
Hamiltonian including (chromo)magnetic dipole operators. Interference be-
tween b → sγ and b → sg (where the strong phase is generated by the charm
loop via b→ cc¯s vertex) can induce direct CP violation in B → Xsγ, 23 which
is given by
Ab→sγCP ≡
Γ(B → Xs¯ + γ)− Γ(B → Xs + γ)
Γ(B → Xs¯ + γ) + Γ(B → Xs + γ)
≃ 1|C7|2 {1.23Im [C2C
∗
7 ]− 9.52Im [C8C∗7 ]
+ 0.10Im [C2C
∗
8 ]} (in %), (9)
adopting the notations in Ref. 23. We have ignored the small contribution
from the SM, and assumed that the minimal photon energy cut is given by
Eγ ≥ mB(1−δ)/2 (≈ 1.8 GeV with δ = 0.3). Ab→sγCP is not sensitive to possible
long distance contributions and constitute a sensitive probe of new physics that
appears in the short distance Wilson coefficients C7,8.
23
The Wilson coefficients C7,8 in the MSSM have been calculated by many
groups,24 including the PQCD corrections in certain MSSM parameter space25.
In this letter, we use the leading order expressions for Ci’s which is sufficient for
Ab→sγCP . After scanning over the MSSM parameter space described in Eq. (3),
we find that Ab→sγCP can be as large as ≃ ±16% if chargino is light enough,
even if we impose the edm constraints. Its correlation with Br(B → Xsγ) and
chargino mass are shown in Figs. 2 (a) and (b) respectively. Our results are
quantitatively different from other recent works,26,27 mainly due to the different
treatments of soft terms. In the minimal supergravity scenario, this asymmetry
is very small, because the At phase effect is very small in the electroweak scale.
27 If the universality assumption is relaxed, one can accomodate larger direct
asymmetry without conflicting with the edm constraints.
4 The Branching Ratio for B → Xsl+l−
Let us first consider the branching ratio for B → Xsl+l−. The SM and the
MSSM contributions to this decay were considered by several groups. 28,29
We use the standard notation for the effective Hamiltonian for this decay as
7
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Figure 2: Correlations of Ab→sγ
CP
with (a) Br(B → Xsγ) and (b) the lighter chargino
mass Mχ± . The squares (the crosses) denote those which (do not) satisfy the CKP edm
constraints.
described in Refs. 28 and 29. The new CPV phases in C7,9,10 can affect the
branching ratio and other observables in B → Xsl+l− as discussed in the first
half of Ref.12 in a model independent way. In the second half of Ref.12, specific
supersymmetric models were presented where new CPV phases reside in flavor
changing squark mass matrices. In the present work, new CPV phases lie in
flavor conserving sector, namely in At and µ parameters. Although these new
phases are flavor conserving, they affect the branching ratio of B → Xsl+l−
and its correlation with Br(B → Xsγ), as discussed in the first half of Ref. 12.
Note that C9,10 depend on the sneutrino mass, and we have scanned over
60 GeV < mν˜ < 200 GeV. In the numerical evaluation for Rll ≡ Br(B →
Xsl
+l−)/Br(B → Xsl+l−)SM, we considered the nonresonant contributions
only for simplicity, neglecting the contributions from J/ψ, ψ
′
, etc.. It would be
straightforward to incorporate these resonance effects. In Figs. 3 (a) and (b),
we plot the correlations of Rµµ with Br(B → Xsγ) and tanβ, respectively.
Those points that (do not) satisfy the CKP edm constraints are denoted by
the squares (crosses). Some points are denoted by both the square and the
cross. This means that there are two classes of points in the MSSM parameter
space, and for one class the CKP edm constraints are satisfied but for another
8
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Figure 3: The correlations of Rµµ with Br(B → Xsγ). The squares (the crosses) denote
those which (do not) satisfy the CKP edm constraints.
class the CKP edm constraints are not satisfied, and these two classes happen
to lead to the same branching ratios for B → Xsγ and Rll. In the presence of
the new phases φµ and φAt , Rµµ can be as large as 1.85, and the deviations
from the SM prediction can be large, if tanβ > 8. As noticed in Ref. 12, the
correlation between the Br(B → Xsγ) and Rll is distinctly different from that
in the minimal supergravisty case. 30 In the latter case, only the envelop of
Fig. 3 (a) is allowed, whereas everywhere in between is allowed in the presence
of new CPV phases in the MSSM. Even if one introduces the phases of µ
and A0 at GUT scale in the minimal supergravity scenario, this correlation
does not change very much from the case of the minimal supergravity scenario
with real µ and A0, since the A0 phase becomes very small at the electroweak
scale because of the renormalization effects. 27 Only µ phase can affect the
electroweak scale physics, but this phase is strongly constrained by the usual
edm constraints so that µ should be essentially real parameter. Therefore the
correlation between B → Xsγ and Rll can be a clean distinction between the
minimal supergravity scenario and our model (or some other models with new
CPV phases in the flavor changing 12).
5 ǫK in Our Model
9
5.1 K0 −K0 Mixing
The new complex phases in µ and At will also affect the K
0−K0 mixing. The
relevant ∆S = 2 effective Hamiltonian is given by
H∆S=2eff = −
G2FM
2
W
(2π)2
3∑
i=1
CiQi, (10)
where
C1(µ0) = (V
∗
tdVts)
2 [
FWV (3; 3) + F
H
V (3; 3) +A
C
V
]
+ (V ∗cdVcs)
2 [
FWV (2; 2) + F
H
V (2; 2)
]
+ 2 (V ∗tdVtsV
∗
cdVcs)
[
FWV (3; 2) + F
H
V (3; 2)
]
,
C2(µ0) = (V
∗
tdVts)
2
FHS (3; 3) + (V
∗
cdVcs)
2
FHS (2; 2)
+ 2 (V ∗tdVtsV
∗
cdVcs) F
H
S (3; 2),
C3(µ0) = (V
∗
tdVts)
2ACS , (11)
where the charm quark contributions have been kept. G(3,k)i and H(3,k)i are
the same as Eqs. (7) except that mb should be replaced by ms in the K
0 −
K0 mixing. Note that C2(µ0) was misidentified as C
H
3 (µ0) in Ref.
17. The
gluino and neutralino contributions are negligible in our model. The Wilson
coefficients at lower scales are obtained by renomalization group running. The
relevant formulae with the NLO QCD corrections at µ = 2 GeV are given
in Ref. 18. As in the B0 − B0 mixing before, C1(µ0) and C2(µ0) are real
relative to the SM contribution in our model. On the other hand, the chargino
exchange contributions to C3(µ0) (namely A
C
S ) are generically complex relative
to the SM contributions, and can generate a new phase shift in the K0 −K0
mixing relative to the SM value. This effect is in fact significant for large
tanβ(≃ 1/ cosβ), 17 since C3(µ0) is proportional to (ms/MW cosβ)2.
The CP violating parameter ǫK can be calculated from
ǫK ≃ e
ipi/4 ImM12√
2∆MK
, (12)
where M12 can be obtained from the ∆S = 2 effective Hamiltonian through
2MKM12 = 〈K0|H∆S=2eff |K0〉. For ∆MK , we use the experimental value
∆MK = (3.489± 0.009)× 10−12 MeV, instead of theoretical relation ∆MK =
2ReM12, since the long distance contributions to M12 is hard to calculate re-
liably unlike the ∆S = 2 box diagrams. For the strange quark mass, we use
the MS mass at µ = 2 GeV scale : ms(µ = 2GeV) = 125 MeV. In Figs. 4
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Figure 4: The correlations between ǫK/ǫ
SM
K
and the lighter chargino mass M ˜
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±
1
for (a)
2 < tan β < 35 and (b) 35 < tanβ < 70, respectively. The squares (the crosses) denote those
which (do not) satisfy the CKP edm constraints.
(a) and (b), we plot the results of scanning the MSSM parameter space : the
correlations between ǫK/ǫ
SM
K and (a) tanβ and (b) the lighter stop mass. We
note that ǫK/ǫ
SM
K can be as large as 1.4 for δKM = 90
◦ if tanβ is small. This
is a factor 2 larger deviation from the SM compared to the minimal super-
gravity case. 22 The dependence on the lighter stop is close to the case of the
minimal supergravity case, but we can have a larger deviations. Such devi-
ation is reasonably close to the experimental value, and will affect the CKM
phenomenology at a certain level.
5.2 Can epsilonK Come Entirely from At and µ Phases ?
In the MSSM with new CPV phases, there is an intriguing possibility that the
observed CP violation in KL → ππ is fully due to the complex parameters
µ and At in the soft SUSY breaking terms which also break CP softly. This
possibility was recently considered by Demir et al.. 17 Their claim was that it
was possible to generate ǫK entirely from SUSY CPV phases for large tanβ ≈
60 with certain choice of soft parameters. (Their choice of parameters leads
to Mχ± = 80 GeV and Mt˜ = 85 GeV, which are very close to the recent lower
limits set by LEP2 experiments.) In such a scenario, only Im (ACS ) in Eq.
(11) can contribute to ǫK , if we ignore a possible mixing between C2 and C3
under QCD renormalization. In actual numerical analysis we have included
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this effect using the results in Ref. 18. We repeated their calculations using the
same set of parameters, but could not confirm their claim. For δKM = 0
◦, we
found that the supersymmetric ǫK is less than ∼ 2× 10−5, which is too small
compared to the observed value : |ǫK | = (2.280 ± 0.019) × 10−3 determined
from KL,S → π+π−. 31
Let us give a simple estimate for supersymmetric ǫK with real CKMmatrix
elements, in which case only C3(µ0) develops imaginary part and can contribute
to ǫK . For mt˜1 ∼ mχ± ∼MW , we would get Y2 ∼ Y2(1, 1, 1, 1) = 1/6, and
|G(3,k)i| ≤ O(1), and |H(3,k)i| ∼ ms tanβ
MW
,
because any components of unitary matrices CR and St are ≤ O(1). Therefore
Im(ACS ) ≤ O(10−3). Now using
Im(M12) = −G
2
FM
2
W
(2π)2
f2KMK
(
MK
ms
)2
1
24
B3(µ) Im(C3(µ)), (13)
and Eq. (9), we get |ǫK | ≤ 2× 10−5.
6 Conclusion
In conclusion, we assumed that the MSSM has new CPV phases beyond the
CKM phase, and considered its observable consequences at B factories and
on ǫK without making universality assumption on the soft terms at the GUT
scale. Our study includes the EW baryogenesis scenario in the MSSM. The
main results can be summarized as follows.
• There is no appreciable new phase in the B0 − B0 mixing (|2θd| ≤
1◦), so that time-dependent CP asymmetries in neutral B decays (into
J/ψKS, ππ etc.) still measure essentially three angles of the unitarity
triangle even if there are new complex phases in µ and At parameters.
• The size of the B0−B0 mixing can be enhanced up to ∼ 60% compared
to the SM contribution, which will affect determination of Vtd from ∆mB.
• There is no large shift in Re(ǫB), and dilepton CP asymmetry is rather
small (|All| ≤ 0.1%).
• Direct CP asymmetry in B → Xsγ can be as large as ∼ ±16% if chargino
is light enough. This would encompass the interesting EWBGEN sce-
nario in the MSSM.
12
• The branching ratio for B → Xsl+l− can be enhanced upto ∼ 85% com-
pared to the SM prediction, and the correlation between Br(B → Xsγ)
and Br(B → Xsl+l−) is distinctly different from the minimal supergrav-
ity scenario (CMSSM) (even with new CP violating phases) 30 in the
presence of new CP violating phases in C7,8,9 as demonstared in model-
independent analysis by Kim, Ko and Lee. 12
• ǫK/ǫSMK can be as large as 1.4 for δKM = 90◦. This is the extent to which
the new phases in µ and At can affect the construction of the unitarity
triangle through ǫK .
• Fully supersymmetric CP violation is not possible even for large tanβ ∼
60 and light enough chargino and stop, contrary to the claim made in
Ref. 17. With real CKM matrix elements, we get very small |ǫK | ≤
O(10−5), which is two orders of magnitude smaller than the experimental
value.
These results would set the level of experimental sensitivity that one has
to achieve in order to probe the SUSY-induced CP violations at B factories
through B0 − B0 and Ab→sγCP mixing. Our results are conservative in a sense
that we did not impose any conditions on the soft SUSY breaking terms except
that the resulting mass spectra for chargino, stop and other sparticles satisfy
the current lower bounds from LEP and Tevatron. Therefore, one would be
able to find the effects of the phases of µ and At parameters by observing
Ab→sγCP at B factories. Within our assumption, the results presented here
6,
7 are conservative since we did not impose any conditions on the soft SUSY
breaking terms except that the resulting mass spectra for chargino, stop and
other sparticles satisfy the current lower bounds from LEP and Tevatron.
Before closing this paper, we’d like to emphasize that all of our results
are based on the assumption that there are no new CPV phases in the flavor
changing sector. Once this assumption is relaxed, then gluino-mediated FCNC
with additional new CPV phases may play important roles, and many of our
results may change. 12 For example, recently we have shown that both ǫK and
ǫ
′
/ǫK can be saturated by a single complex parameter (δ
d
12)LL ∼ O(10−3) with
O(1) phase in the mass insertion approximation in supersymmetric models, if
|µ tanβ| ∼ O(10−20) TeV. 32 In this case, ǫK is saturated by (δd12)LL, whereas
ǫ
′
/ǫK is given by the induced (δ
d
12)
ind
LR ≈ (δd12)LL × (ms(As − µ tanβ)/m˜2) ∼
10−5. Remarkably, this can be achived without any contradiction to various
FCNC or EDM constraints.
13
Acknowledgments
The authors thank A. Ali, G.C. Cho, J. Cline, A. Pilaftsis and O. Vives for
useful communications. This work is supported in part by Korea Rsearch Foun-
dation Program 1998-015-D00054 and the Distinguished Scholar Exchange
Program of Korea Research Foundation (PK), and by KOSEF Postdoctoral
Fellowship Program (SB).
References
1. See, for example, S.M. Barr and W.J. Marciano, in CP Violation, edited
by C. Jarlskog (World Scientific, Singapore, 1989), p. 455 ; W. Bern-
reuther and M. Suzuki, Rev. Mod. Phys. 63, 313 (1991).
2. T. Ibrahim and P. Nath, Phys. Lett. B 418, 98 (1998) ; Phys. Rev.
D 57, 478 (1998) ; (E) ibid., D 58, 019901 (1998) ; Phys. Rev. D 58,
111301 (1998).
3. M. Brhlik, G.J. Good and G.L. Kane, hep-ph/9810457.
4. A.G. Cohen, D.B. Kaplan, A.E. Nelson, Phys. Lett. B388, 588 (1996).
5. M. Carena and C.E.M. Wagner, hep-ph/9704347 ; J. M. Cline, M. Joyce
and K. Kainulainen, Phys. Lett.B 417, 79 (1998) ; M. Carena, M. Quiros
and C.E.M. Wagner, Nucl.Phys. B 524, 3 (1998) ; J.M. Cline and G.D.
Moore, Phys. Rev.Lett. 81, 3315 (1998).
6. Seungwon Baek and P. Ko, Phys. Rev. Lett. 83, 488 (1999).
7. Seungwon Baek and P. Ko, KAIST-TH 01/99, SNUTP 99-003, hep-
ph/9904283, to appear in Phys. Lett B (1999).
8. E. Gabrielli and G.F. Giudice, Nucl. Phys.B 433, 3 (1995) ; See, for
example, M. Misiak, S. Pokorski and J. Rosiek, Heavy Flavors II, p. 795
(World Scientific, Singapore, 1998).
9. A. G. Cohen, David B. Kaplan, F. Lepeintre, Ann E. Nelson, Phys. Rev.
Lett.78, 2300 (1997).
10. L. Randall and S. Su, Nucl.Phys. B 540, 37 (1999) ; G. Barenboim and
M. Raidal, hep-ph/9903270.
11. C.-K. Chua, X.-G. He and W.-S. Hou, hep-ph/9808431.
12. Y.G. Kim, P. Ko and J.S. Lee, Nucl. Phys. B 544, 64 (1999).
13. D. Chang, W.-Y. Keung and A. Pilaftsis, Phys. Rev. Lett. 82, 900
(1999).
14. T.E. Coan et al. (CLEO Collaboration), hep-ex/9710028.
15. J. Alexander, plenary talk at ICHEP98, Vancouver, Canada.
16. G.C. Branco, G.C. Cho, Y. Kizukuri and N. Oshimo, Phys. Lett. B
337, 316 (1994) ; Nucl. Phys. B 449, 483 (1995).
17. D.A. Demir, A. Masiero and O. Vives, Phys. Rev. Lett. 82, 2447 (1999).
14
18. R. Contino and I. Scimemi, hep-ph/9809437.
19. M. Lusignoli, Z. Phys. C 41, 645 (1989) ; A. Acuto and D. Cocolicchio,
Phys. Rev. D 47, 3945 (1993) ; A.I. Sanda and Z.Z. Xing, Phys. Rev.
D 56, 6866 (1997).
20. T. Altomari, L. Wolfenstein and J.D. Bjorken, Phys. Rev. D 37, 1860
(1988) ; L. Wolfenstien, Phys. Rev. D 57, 5453 (1998).
21. K. Ackerstaff et al., OPAL Collaboration, Z. Phys. C 76, 401 (1997).
22. T. Goto, T. Nihei and Y. Okada, Phys. Rev. D 53, 5233 (1996).
23. A. Kagan and M. Neubert, Phys. Rev. D 58, 094012 (1998) ; Eur.
Phys. J. C 7, 5 (1999).
24. R. Barbieri and G. Giudice, Phys. Lett. B 309, 86 (1993) ; P. Cho, M.
Misiak and D. Wyler, Phys. Rev. D 54, 3329 (1996).
25. P. Ciafaloni, A. Romanino and A. Strumia, Nucl. Phys. B 524, 361
(1998) ; M. Ciuchini, G. Degrassi, P. Gambino and G. Giudice, Nucl.
Phys. B 527, 21 (1998) ; F.M. Borzumati and C. Greub, Phys. Rev. D
58, 7004 (1998) ; M. Ciuchini, G. Degrassi, P. Gambino and G. Giudice,
Nucl. Phys. B 534, 3 (1998).
26. M. Aoki, G.-C. Cho and N. Ohimo, hep-ph/9811251 (1998) ; L. Giusti,
A. Romanino and A. Strumia, hep-ph/9811386 (1998).
27. T. Falk and K. Olive, Phys. Lett. B 439, 71 (1998) ; T. Goto, Y.Y.
Keum, T. Nihei, Y. Okada, Y. Shimizu, KEK-TH-608, hep-ph/9812369.
28. B. Grinstein, M.J. Savage and M.B. Wise, Nucl. Phys. B 319, 271
(1994) ; M. Misiak, Nucl. Phys. B 393 23 (E) (1993) ; 439, 461 (1995)
; A.J. Buras and M. Mu¨nz, Phys. Rev. D 52, 186 (1995).
29. S. Bertolini, F. Borzumati, A. Masiero and G. Ridolfi, Nucl. Phys. 353,
591 (1991) ; P. Cho, M. Misiak and D. Wyler, Phys. Rev. D 54, 3329
(1996).
30. T. Goto, Y. Okada and Y. Shimizu, Phys. Rev. D 58, 094006 (1998).
31. Particle Data Group, Eur. Phys. J. C 3, 1 (1998).
32. S. Baek, J.-H. Jang, P. Ko and J.H. Park, KAIST-TH 99/04, hep-
ph/9907572.
15
